Abstract One hundred and twenty Syrian golden hamsters were infected with Schistosoma mansoni cercariae and 20 served as negative controls (group I). Of the S. mansoni-inkcted hamsters, 20 served as positive controls (group II) and 100 hamsters were treated for 12 weeks post-infection by loading with S. mansoni adult worm antigen. Animals were divided into groups according to the dose of adult worm antigen injected: group III (5-fold increase in circulating antigen concentration), group IV (10-fold increase), group V (20-fold increase), group VI (40-fold increase), and group VII (80-fold increase). Each of the groups was subdivided into four groups (sacrificed at 1, 2, 4 or 7 days after initiation of antigen loading or the corresponding time points in the case of the control groups). At sacrifice, blood and urine were obtained for laboratory assessment (serum creatinine, protein, albumin, cholesterol and urinary proteins). Kidney, liver and spleen tissue specimens were obtained for light, immunofluorescent and electron microscopic examinations. At sacrifice, significant proteinuria, hypoalbuminaemia and hypercholesterolaemia were observed in S. mansoni-'mfected hamsters when compared with negative control animals. Histopathologic assessment showed changes compatible with those previously reported, mainly immune complex glomerular deposits, mesangial proliferation and renal amyloid deposits. Significant laboratory improvement was observed in animals treated with antigen loading, especially those treated with 80-fold antigen excess and sacrificed at 7 days postinitiation of treatment. Histopathologic evaluation showed significantly less immune complex glomerular deposits, less mesangial hyperplasia, and less amyloid deposits in hamsters treated with antigen loading. It is concluded that induction of antigen excess by antigen loading induces biochemical and histopathologic regression of schistosomal-specific nephropathy in S. mansoni-infected Syrian golden hamsters.
Introduction
Schistosoma mansoni-specific nephropathy has been reported to affect humans and experimental animals [1] [2] [3] . The histopathology of the early and late phases of the disease in humans has been described [4, 5] . The disease is reported to progress to end stage renal failure [5] . Therapeutic trials aimed at parasite eradication and different immunosuppressive regimes have shown unsatisfactory responses [6] [7] [8] . In experimental animals, parasite eradication, even very early, did not prevent the progression of the disease [9] .
Investigations concerning the characterization of immune complexes that localize in glomeruli in experimental glomerulonephritis induced by injection of bovine serum albumin found that glomerular deposits occur only when large immune complexes persist in circulation [10] , and small complexes do not localize in glomeruli [11] . Extracellular immune complexes serve as nidus for inflammatory response in the glomerulus that leads to structural damage.
Valdes et al. [11] showed that the administration of excess antigen to rabbits with chronic serum sickness, induced by a constant dose of bovine serum albumin, resulted in less severe or improvement of renal disease, and a change in the pattern of immune deposits from a diffuse capillary loop distribution to a discrete granular pattern. Mannik and Striker [12] reported removal of all subendothelial and mesangial deposits by i.v. injection of excess antigen in rabbits. Furthermore, Agoda and Mannik reported removal of subepithelial deposits with injection of excess unaltered or cationic antigen in rabbits [13] .
Schistosomal-specific nephropathy is an immune complex disease [1, 4, 14] ; circulating anodic and cathodic antigens are reported to be the responsible antigens [3, 4] .
The objective of this work was to study the effect of excess circulating schistosomal antigen on kidney lesions in Syrian golden hamsters suffering from schistosomal-specific glomerulopathy.
Immunotherapy of schistosomal nephropathy age and sex served as negative controls. Negative control hamsters (group I) were kept under the same conditions and subjected to the same laboratory and histopathologic evaluations. Schistosomal infection was achieved by injecting the cercariae intraperitoneally as previously reported [3] . Hamsters were infected with a dose of 50 cercariae at the age of 6 weeks. Infected hamsters were divided into six main groups of 20 hamsters each according to the amount of schistosoma antigen injected to induce antigen excess. Group II received only solvent (normal saline) and served as positive control. Groups III-VII received an amount of antigen sufficient to induce a 5-, 10-, 20-, 40-and 80-fold increase in the antigen concentration in the serum, respectively. Treatment by antigen loading was initiated the 12th week after schistosomal infection, and each treatment group was divided into four subgroups (5 each) according to time of animal sacrifice after initiation of treatment (1, 2, 4 and 7 days). Antigen excess was induced by intraperitoneal injection of adult worm antigen (AWA); the calculated dose of antigen was repeatedly injected every other day.
Schistosoma antigen concentrations in plasma of Schistosoma-'mfected hamsters were determined at 12 weeks post-infection by measuring the optical density following the technique previously described [15] ; a mean value of 2.7+1.1 ug/ml was observed. Knowing the total plasma volume of the hamster (mean value 7 + 0.58 ml), the total amount of circulating schistosomal antigen was calculated (mean value 18.9 + 7.3 ug). The amounts of antigen needed to obtain different degrees of antigen excess were determined, and injected i.p. A series of preliminary experiments was conducted to measure antigen concentration using the optical density method, and to compare the effect of i.p. versus i.v. injection of antigen for induction of antigen excess. An amount of 189 ug AWA was needed to increase plasma antigen concentration by 5-fold, 378 ug for 10-fold, 756 ug for 20-fold, 1.512 mg for 40-fold, and 3.02 mg for an 80-fold increase.
Serum and urine were collected from animals at 9 and 12 weeks post-infection and at each end point of the study groups to measure serum creatinine (mg/dl), total protein (g/dl), albumin (g/dl) and cholesterol (mg/dl), and urinary protein excretion (mg/dl).
Under nembutal anaesthesia, the animals were sacrificed and the mesenteric veins were thoroughly explored for adult worms, which were collected and counted. Kidney, spleen and liver tissues were obtained and subjected to histopathologic examination. A piece of kidney tissue was fixed in 10% formalin for light microscopic examination and processed as serial paraffin sections which were stained by haematoxylin and eosin, Mansson's trichrome, periodic acid Schiff and Congored stains. For electron microscopy kidney tissue was fixed in phosphate-buffered 4% glutraldehyde, post-fixed in 1% phosphate osmium tetroxide solution and embeded in Epon. The semi-and ultrathin sections were performed with an LKB ultramicrotome. Tissue examinations were performed and electron micrographs were made using an electron microscope (Joel).
Direct immunofluorescent microscopy was performed using FITC-labelled swine anti-hamster IgG (H + L; Nordic Immunological Laboratories, The Netherlands) in a dilution of 1/10. Indirect immunofluorescent microscopy was performed with monoclonal anti-schistosomal antibodies directed against circulating anodic antigen (CAA). Circulating anodic antigen (CAA) was used in a working dilution of 1:1000 as the first layer, and FITC-labelled anti-mouse IgG (Nordic Immunological Laboratories) was used as second layer in a working dilution of 1:10. Snap frozen kidney 2179 tissue sections from negative control hamsters were used as negative controls, while adult S. mansoni worm sections were used as positive control. Liver and spleen tissue were examined by light microscopy and the detection of CAA was performed with indirect immunofluorescence microscopy.
Statistical analysis
Data analysis and transformation, /-test, one-way analysis of variance (ANOVA), correlation, Wilcoxon's two groups test and Kendall's rank correlation were done using an IBMcompatible PC and microstat package.
Results
At 13 weeks post-infection, the time point equivalent to 7 days post-initiation of treatment, comparison of the positive control group (non-treated, Schistosoma infected) with the negative control group (noninfected) revealed significant proteinuria (699 vs 7.6 mg/dl, /> = 9xlO~4), hypoalbuminaemia (1.54 vs 3.18 g/dl, P = l x\0~ ) , and hypercholesterolaemia (198 vs 160 mg/dl, P=0.16) in the Schistosoma-'mfected hamsters. At the end point of the study, exploration of mesenteric veins showed 27.2 + 5.2 adults worms per hamster. Kidney biopsies showed histopathologic changes compatible with those previously reported [3] in the positive control group but not in the negative control group. Tables 1-4 show the laboratory data from positive control groups and from different hamster groups sacrificed at different periods after initiation of treatment by antigen loading. The most significant findings were observed in animals sacrificed at 4 and 7 days after initiation of treatment. Proteinuria, hypoalbuminaemia and hypercholesterolaemia were significantly improved in treated animals. At 4 days, improvement was observed only in animals treated with 80-fold antigen excess. At 7 days post-initiation of antigen loading significant improvement was observed in 5-fold and 80-fold antigen excess subgroups. At the end point of the study, adult worms were recovered from mesenteric veins in all experimental groups with no significant difference in parasite load. Table 5 shows the light microscopic and immunofluorescent findings in positive controls and different groups treated with antigen loading. We observed significant reduction in CAA deposition in the kidney, liver and spleen in groups treated with antigen loading. A significant reduction was also observed in mesangial hypercellularity and glomerular amyloid deposits. The changes were most significant in the group treated with 5-fold antigen excess. In each treatment subgroup there was no significant difference in the histopathologic changes in animals sacrificed at different time points after initiation of treatment.
In the positive control group, subendothelial amyloid deposits and subepithelial immune complex deposits (Fig. 1) , as well as the mesangial hypercellularity, were detected by electron microscopy (these changes have been previous described in more detail, see [3] ).
M. Sobhel al. Table 1 . Laboratory data in positive control group (Group II) and in hamsters treated by induction of different grades of antigen excess (Groups III-VII) and sacrificed at 1 day after initiation of treatment Table 2 . Laboratory data in positive control group (Group II) and in hamsters treated by different grades of antigen excess (Groups III-VII) and sacrificed at 2 days after initiation of treatment In some hamsters treated with antigen loading, of marked thinning and dissolution of the glomeimmune deposits were absent, and we detected abnor-rular basement membrane structure and areas of mal morphologic changes in the glomerular basement irregularity in the glomerular basement membrane membrane, mainly in the form of fenestrations, areas (Fig. 2a,b) . 
Discussion
We and others have reported unsatisfactory response to different therapeutic treatment modalities in patients presenting with schistosomal nephropathy [6] [7] [8] , including parasite eradication with anti-schistosomal treatment, steroids and immunosuppressive drugs. Furthermore, in experimental animal we reported progression of renal disease despite early elimination of the parasites [9] . Immunotherapy seems to be promising, yet difficult to apply in human patients. Palla et al. [16] reported successful treatment of patients with idiopathic membranous glomerulonephritis with pulse treatment of IgG. Proteinuria significantly subsided and control biopsies showed regression of light microscopic changes, and immunofluorescent microscopy showed clearance of immune deposits. The mechanism of action of IgG in treatment of idiopathic membranous glomerulonephritis may be explained by dissociation of immune complexes deposited at the glomerular level, inhibition of anti-idiotypic activity, or IgG may block macrophage and B-cell Fc receptors inhibiting the anti-idiotypic antibody synthesis from B-lymphocytes [17] .
Serum sickness is an example of experimentaly induced glomerular nephritis in which a specific antigen, host gamma globulin and complement are deposited in the glomeruli, mainly in subepithelial sites [18, 19] . In vitro studies have shown that the relative solubility of antigen-antibody complexes is determined by antigen-antibody ratios. Antigen excess is known to favour the formation of small, soluble complexes and to cause the rapid dissociation and solubilization of latticed, antigen-antibody pricipitate formed when antibody is in excess [20] . This view has been confirmed in experimental animals by infusion of large doses of the specific antigen [11] [12] [13] .
In the human setting, Raz et al. [21] reported on a case of low complement membranoproliferative glomerulonephritis in which an improvement of renal function and reduction of proteinuria paradoxically coincided with an extreme increase in serum HBsAg level, as well as with marked elevation of CIC. In contrast, deterioration of renal function coincided with low levels of circulating HBsAg and CIC.
Schistosomal-specific nephropathy is a unique disease which is well described in human and experimental animals [1] [2] [3] [4] . Unlike idiopathic types of nephropathy and other types of secondary glomerulopathies, the causative agents are known (schistosomal antigens) and are easily extracted from adult worms and utilized to induce antigen loading in experimental animal.
We induced kidney lesions in Syrian golden hamsters by infecting the animals with S. mansoni cercariae. Proteinuria served as an indicator for the development of glomerulopathy in these animals, and 12 weeks post-infection was considered an appropriate time point to induce antigen excess because the glomerular disease is fully manifest biochemically and histopathologically at this time point [3] . This is confirmed in this study by comparing positive and negative control groups. In a series of preliminary investigations, the efficacy of intraperitoneal injection of adult worm antigen to induce excess antigen load in the blood of hamsters was confirmed.
Since this study is the first of its kind in this experimental model and no preliminary data are available concerning the response to this type of treatment, we had to use a wide range of antigen loading to induce a wide range of antigen excess (5-80-fold) and to sacrifice animals at many time points after antigen 2183 loading (1-7 days). In addition to kidney specimens, liver and spleen tissues were also examined since these organs are involved in IC and antigen clearance from circulation and are affected by schistosomal disease. We consider the results obtained from this study as preliminary, and they will be followed by further studies in which selected degree of antigen loading and time point of sacrifice to examine kidney tissue will be chosen to study the response to this therapeutic modality in more depth.
Biochemically, the glomerular disease was less severe (less proteinuria, higher plasma total protein and albumin and lower serum cholesterol) in animals treated with Schistosoma antigen loading. These findings were statistically significant at 4 and 7 days after initiation of treatment. These promising biochemical findings are supported by the histological findings. While 35% of animals in the positive control group showed Schistosoma antigen deposits in their renal glomeruli, none of those treated with 5-fold or 40-fold antigen excess showed these glomerular deposits. In the same two groups, mesangial hyperplasia was significantly less than in control group.
Interestingly, amyloid deposits were significantly less in treated hamsters, not only in kidney, but also in liver and spleen. In these two organs (liver and spleen) granuloma and hyperplasia in treated animals were not significantly different, and adult worms were detected in the mesenteric veins at the end point of the study.
Although the induction of antigen excess in this model resulted in the removal of immune complexes and a significant reduction of proteinuria, the amount of proteinuria never reached normal, possibly due to glomerular basement membrane damage (Fig. 2) and/or the persistent residual glomerular amyloid deposits. Optimization of this therapeutic approach by using proper doses for antigen loading, addition of colchicine and parasite irradication and longer term follow-up may show a better response. We previously reported successful removal of glomerular amyloid deposits in Schistosoma infected hamsters by treatment with colchicine [22] .
From this study we conclude that loading with Schistosoma mansoni adult worm antigen induces biochemical and histopathologic regression of schistosomal-specific glomerulopathy in S. mansoni-'intecied Syrian golden hamsters.
